CHEMICAL BIOLOGICAL PROTECTION SYSTEM C u r r e n t l y systems a r e beina developed which
I n o r d e r t o maximize t h e b e n e f i t s o f these systems, a method of keepina t h e c o c k p i t contaminant f r e e d u r i n a p i l o t i n a r e s s and earess i s needed.
One s o l u t i o n i s t o use a r e c t a n q u l a r p l a s t i c c u r t a i n t o seal t h e f o u r edaes of t h e canopy frame t o t h e canopy s i l l .
The c u r t a i n i s s t o r e d i n a t r a y which i s recessed i n t o t h e canopy s i l l and u n f o l d s i n accordion f a s h i o n as t h e canopy i s r a i s e d . A two way z i p p e r developed by Calspan c o u l d be used as an a i r l o c k between t h e p i l o t ' s o v e r s u i t and t h e c o c k p i t . T h i s system e l i m i n a t e s t h e p i l o t ' s need f o r heavy and r e s t r i c t i v e CB aear because he would never be exposed t o t h e chemical warfare environment.

INTRODUCTION
The S o v i e t ' s r e c e n t use o f chemical w a r f a r e aaents and t o x i n s i n Afahanistan shows t h e i r w i l l i n a n e s s t o use chemical weapons t o achieve t h e i r m i l i t a r y aoals.
A chemical a t t a c k serves two purposes.
The f i r s t i s t o cause d i r e c t c a s u a l t i e s on enemy personnel.
The second i s t o reduce t h e o p p o s i t i o n ' s performance by f o r c i n a him t o wear a r e s t r i c t i v e Chemical and B i o l o a i c a l (CB) p r o t e c t i v e ensemble w h i l e workina i n a contaminated environment .
C u r r e n t a i r c r a f t have no means o f p r e v e n t i n g t h e c o n t a m i n a t i o n o f t h e c o c k p i t i n t e r i o r when t h e a i r f i e l d has been c h e m i c a l l y attacked. Because t h e c o c k p i t i s contaminated t h e p i l o t must wear a heavy p r o t e c t i v e s u i t throughout h i s mission. The c u r r e n t CB ensemble c o n s i s t s o f : an i n t e a r a t e d hood and f i l t e r mask, an a c t i v e charcoal impreanated underaarment, and b u t y l rubber a l o v e i n s e r t s .
I n o r d e r t o p r o t e c t t h e p i l o t . from l i q u i d contaminants, a p l a s t i c overcape and overboots a r e worn by t h e p i l o t u n t i l he reaches t h e a i r c r a f t .
The CB ensemble reduces p i l o t performance by decreasina head m o b i l i t y and p e r i p h e r a l v i s i o n , and by causinq h e a t b u i l d -u p underneath t h e hood.
Althouqh t h e c u r r e n t CB p r o t e c t i o n system d e f e a t s t h e f i r s t purpose of a chemical a t t a c k , i t f a l l s v i c t i m t o t h e second. T h i s l e a d t o o u r development o f a CB p r o t e c t i o n system concept which p r o t e c t s t h e p i l o t from CB aaents i n a manner which minimizes t h e n e a a t i v e impact on p i l o t performance (see f i q u r e 1).
The proposed CR p r o t e c t i o n system c o n s i s t s of an inaress/earess system and a Cockpit Atmosphere P r o t e c t i o n System (CAPS).
The inaress/earess system would keep t h e p i l o t from beina exposed t o contaminants d u r i n a h i s t r a n s f e r f r o m t h e p r o t e c t i o n s h e l t e r t o t h e a i r c r a f t .
The CAPS would m a i n t a i n a contaminant f r e P environment i n s i d e t h e c o c k p i t .
WAY ZIPPER
F i a u r e 1. Proposed CB P r o t e c t i o n System.
INGRESS PROCEDURF
The new i n a r e s s procedure would b e a i n w i t h t h e p i l o t e n t e r i n c an impermeable o v e r s u i t u s i n a a two-way z i p p e r (such as t h e "Supertab" developed by Calspan f o r t h e Army) t o form an a i r l o c k between t h e p r o t e c t i v e s h e l t e r and t h e o v e r s u i t .
The p i l o t would then t r a v e l o u t t o h i s a i r c r a f t p r o t e c t e d by t h e o v e r s u i t . When t h e p i l o t reaches t h e a i r c r a f t he would use a 58 i n c h l o n a two-way z i p p e r ( one h a l f l o c a t e d on t h e o v e r s u i t and t h e o t h e r on t h e s i d e o f t h e CAPS ) t o f o r m an a i r l o c k between t h e p i l o t ' s o v e r s u i t and CAPS. Once i n s i d e , t h e p i l o t would z i p t h e c u r t a i n c l o s e d and t h e o v e r s u i t would f a l l o f f . To earess t h e c o c k p i t , t h e p i l o t would f i r s t z i p h i s spare o v e r s u i t o n t o t h e i n s i d e o f t h e c u r t a i n .
He would then t u r n t h e s u i t i n s i d e nut, pushina i t throuah t h e openina i n t h e c u r t a i n so t h a t i t would then be on t h e o u t s i d e o f t h e c u r t a i n . He would then r w p r s e t h e 1859 U.S. Government work not protected by U.S. copyright.
i n a r e s s procedure and r e t u r n t o t h e s h e l t e r . The use o f overpressure i n s u r e s t h a t no contaminants e n t e r t h e c o c k p i t throuah t h e z i p p e r mechanism. The c o c k p i t a i r used t o p r o v i d e t h e overpressure c o u l d be cleansed by a c a t a l y t i c f i l t r a t i o n system such as t h e system beina developed by t h e Environmental C o n t r o l aroup of t h e A i r Force W r i a h t Aeronautical L a b o r a t o r i e s .
The o v e r s u i t and t h e CAPS would p r o t e c t t h e p i l o t froni t h e contaminated environment. T h i s would a l l o w h i m t o f l y h i s m i s s i o n f r e e f r o m t h e h o t and cumbersome CB ensemble.
F i q u r e 7. P i l o t T r a n s f e r From S u i t t o Cockpit.
OV ERSU IT
The o v e r s u i t would be desianed t o p r o t e c t t h e p i l o t froni l i q u i d and vapor contaminants d u r i n a t r a n s f e r t o and from t h e a i r c r a f t .
I t would be c o n s t r u c t e d f r o m a l i q h t w e i q h t ( a p p r o x i m a t e l y 6 oz p e r square y a r d ) , f l e x i b l e , and tough m a t e r i a l , which has qood CB b a r r i e r p r o p e r t i e s (one p o s s i b l e m a t e r i a l i s a Saranex b a r r i e r f i l m bonded t o a Tyvek support m a t e r i a l ) .
The s u i t would be d i s p o s a b l e and desiqned so t h a t one s i z e would f i t t h e 1 s t t h r o u a h 9 9 t h p e r c e n t i l e U.S. A i r Force p i l o t s .
The s u i t would be l a r a e enough so t h 
u r t a i n unfolds and f o l d s i n accordion f a s h i o n as t h e canopy i s r a i s e d and lowered. The c u r t a i n dimensions were developed u s i n a t h e F -l b c o c k p i t as a b a s e l i n e . Assumina a 3" l i m i t i n f o l d e d w i d t h t h e c u r t a i n would r e q u i r e 38 panels t o see1 t h e c o c k p i t openina. Because t h e c u r t a i n i s s h o r t e r i n t h e back, t h e w i d t h o f t h e f o l d s would o n l y be 1". The w i d t h o f t h e f o l d s aloria t h e s i d e s t a p e r s from 3'' a t t h e f r o n t t o 1" a t t h e r e p r . The c u r t d i n i s a t t a c h p d a t t h e bottom t n t h e s t o r a a e t r a y and a t t h e t o p t o t h e storaae t r a y l i d .
To prpvent t h e c u r t a i n f r o m b i l l o w i n a
l a s t i c s t i f f e n e r s would be a t t a c h p d t o t h e i n s i d e edae o f each c u r t a i n f o l d (see f i a u r e 4 ) . The
CONTAMINATED ENVIRONMENT
F i a u r e 4 . Cross S e c t i o n o f C u r t a i n .
(Dimenzions a r e i n inches) s t i f f e n e r s would be c o n s t r u c t e d of a m a t e r i a l which was 2" wide and .04" t h i c k . The m a t e r i a l would be capable of b e i n a creased a t t h e c e n t e r and f o l d e d 180 dearees. The combined weiaht o f t h e c u r t a i n and s t i f f e n e r s would be approximately 15 pounds.
The STORAGE TRAY (see f i a u r e 5) c o u l d be formed o f a s i n a l e molded p l a s t i c t r a y which would be impermeable t o chemical aaents and weiah about 4 pounds. The s t o r a a e t r a y would be i n s e r t e d i n t o a recessed aroove i n t h e canopy s i l l .
The w i d t h o f t h e b i n would be 4" a t t h e f r o n t o f t h e s i l l and 2" a t t h e back and would vary l i n e a r l y f r o m 4" t o 2" alona t h e sides. The depth o f t h e b i n c o u l d be 3.5" and would depend on c u r t a i n thickness.
The seal i n s e r t would a t t a c h t h e storaae t r a y t o thP bottom o f t h e recessed aroove i n t h e canopy s i l l . The small i n d e n t a t i o n a t t h e bottom o f t h e s t o r a a e t r a y i s t h e auide w i r e channel and alona i t s l e n a t h a r e sockets which would h o l d t h e auide w i r e r o l l e r s i n place.
To t h e r i a h t o f t h e auide w i r e t r a c k i s t h e c u r t a i n attachment s t r i p . The seals colrld be rounded on t h e i r o u t e r s u r f a c e and have two h o l l o w channels, one on each side. \?hen t h e channels a r e p r e s s u r i z e d by a CO2 c a r t r i d a e which i s a t t a c h e d t o each s e a l , t h e seal squeezes t h e seal i n s e r t .
When t h e CAPS i s n o t i n use
The beaded shape a t t h e end o f t h e seal i n s e r t prevents i t from p u l l i n a loose.
One seal would be placed i n t h e storaae t r a y recess of t h e canopy s i l l and t h e o t h e r would r u n around t h e canopy edaes.
The RETRACTION SYSTEM would c o n s i s t s o f auide wires, auide w i r e r o l l e r s , and a t e n s i o n i n a mechanism.
The w i d e w i r e s c o u l d be made o f n y l o n and would be capable o f w i t h s t a n d i n a 50 pounds o f t e n s i l e f o r c e .
E i a h t a u i d e w i r e s would be l o c a t e d f o u r on t h e l e f t and f o u r on t h e r i a h t s i d e o f t h e c u r t a i n . The w i r e s would be anchored t o t h e l i d on one end, pass throuah o r o m e t s on t h e s t i f f e n e r s , ao around t h e r o l l e r s , pass throuah t h e w i r e channel, and a t t a c h a t t h e i r o t h e r end t o t h e t e n s i o n i n a system. The purpose of t h e a u i d e w i r e s i s t o ensure t h a t t h e c u r t a i n f o l d s p r o p e r l y i n t o t h e storage t r a y .
They would a l s o s u p p o r t t h e c u r t a i n and prevent excessive b i l l o w i n a due t o over-pressure o r wind.
The t e n s i o n system c o u l d c o n s i s t o f e i t h e r an e l e c t r i c motor and t a k e up r e e l s o r some t y p e o f s p r i n a t e n s i o n system.
The t o t a l w e i a h t o f t h e t e n s i o n system i s e s t i m a t e d t o be 10 pounds.
OPERATI ON
While t h e a i r c r a f t i s i n a s a f e environment, t h e i n f l a t a b l e rubber seal i n t h e canopy frame would be l e f t d e f l a t e d . T h i s would l e a v e t h e storaae t r a y l i d a t t a c h e d t o t h e s t o r a a e t r a y , a l l o w i n a normal i n a r e s s and eqress.
Once t h e a i r c r a f t has been exposed t o contaminants t h e i n f l a t a b l e r u b b e r seal i n s i d e t h e canopy frame wnuld be p r e s s u r i z e d by i t s CO2 c a r t r i d a e b e f o r e t h e canopy i s r a i s e d .
The CO2 c a r t r i d a e can be a c t i v a t e d from e i t h e r t h e i n s i d e o r t h e o u t s i d e o f t h e c o c k p i t .
The s t o r a a e t r a y l i d i s now f i r m l y a t t a c h e d t o t h e canopy frame.
As t h e canopy i s r a i s e d t h e l i d p u l l s t h e p l a s t i c c u r t a i n o u t o f t h e s t o r a a e t r a y and t h e c u r t a i n s t i f f e n e r s s l i d e up t h e auide wires.
As t h e canopy i s lowered t h e auide w i r e s i n s u r e t h a t t h e c u r t a i n f o l d s i n t o t h e st.oraae t r a y p r o p e r l y .
The s e a l s would remain p r e s s u r i z e d u n t i l t h e r e i s t i m e t o decont.aminate t h e a i r c r a f t and r e p l a c e t h e CAPS.
CONCLUSION
The CAPS would be a l i a h t wpiaht (approximately 35 pounds) device which would prevent contaminants f r o m e n t e r i n a t h e c o c k p i t . The CAPS has t h e advantaae o f remainina passive u n t i l CB aaents a r e detected, when i t can be a c t i v a t e d by t h e push o f a b u t t o n .
CAPS can be removed and r e p l a c e d q u i c k l y and e a s i l y when t h e a i r c r a f t has been decontaminated.
CAPS makes use o f a double z i p p e r mechanism which, when combined w i t h an impermeable o v e r s u i t , a l l o w s t h e p i l o t t o t r a n s f e r s a f e l y f r o m a p r o t e c t i v e s h e l t e r t o t h e c o c k p i t .
T h i s means t h e p i l o t c o u l d t r a n s f e r t o h i s a i r c r a f t w i t h o u t e v e r beina exposed t o t h e CB environment which would d e f e a t t h e f i r s t purpose o f a chemical a t t a c k . The CAPS would a l l o w t h e p i l o t t o m a i n t a i n t h e same performance l e v e l he had b e f o r e t h e a i r f i e l d was contaminated, d e f e a t i n a t h e second purpose of a chemical a t t a c k .
